Previous studies indicate neutrophils' expression of CD14 and CD44 is associated with stage of inflammatory response. This study, undertaken in vitro investigates whether bacterial components affect neutrophils' CD14 and CD44 expression and lifespan. Neutrophils, obtained through lavage of mammary glands, were incubated with three different concentrations of muramyl dipeptide (MDP) and lipopolysaccharide (LPS). Percentages of apoptotic neutrophils, and of CD14+ and CD44+ neutrophils, were detected after 30, 60, 120 and 300 minutes of incubation. A high concentration of MDP produced a significantly higher percentage of CD14+ after 30 and 120 minutes, compared with LPS and the control, for which percentages remained constant. CD44+ increased at low concentrations of MDP and LPS after 120 minutes, and at 60 minutes for intermediate concentrations. High concentrations resulted in significant increase, this after only 30 minutes for MDP. Analysis of variance indicated incubation time followed by bacterial component, as most important in expression of CD14 and CD44.
INTRODUCTION
The function of neutrophils is to eliminate pathogenic microorganisms during the initial phase of acute inflammation, the point at which migration of these cells from blood to the affected tissue occurs. Lipopolysaccharide (LPS), a component of Gram-negative bacteria's cellular wall, and muramyl dipeptide (MDP), a minimal structural unit of peptidoglycan in Gram-positive and Gram-negative bacteria, have the ability to induce an inflammatory response (Sládek, Ryšánek, 2000; Ryšánek et al., 2001; Sládek et al., 2002) . The immune system can recognize these molecules by means of two types of "toll-like" receptors (TLR). TLR2 recognises Gram-positive bacterial components (peptidoglycan) whilst TLR4 recognises LPS, the component of Gram-negative bacteria (Takeuchi et al., 2000) . TLR4 plays a crucial role in the recognition of invading pathogens. Upon activation by LPS, TLR4 is recruited into specific membrane domains (Neumann et al., 2019) . Both structural components have an affinity to CD14. CD14 is expressed mainly by macrophages and by neutrophils. It is also expressed by dendritic cells. CD14 acts as a co-receptor (along with TLR 4) for the detection of bacterial lipopolysaccharide (LPS) (Kitchens, 2000; Tapping, Tobias, 2000) . CD14 can bind LPS only in the presence of lipopolysaccharide-binding protein (LBP). Although LPS is considered its main ligand, CD14 also recognizes other pathogen-associated molecular patterns such as lipoteichoic acid (Ranoa et al., 2013) . Neutrophils are a type of phagocyte and are normally found in the bloodstream. During the beginning (acute) phase of inflammation, particularly as a result of bacterial infection, environmental exposure (Jacobs et al., 2010) neutrophils are one of the first-responders of inflammatory cells to migrate towards the site of inflammation. They migrate through the blood vessels, then through interstitial tissue, following chemical signals such as interleukin-8 (IL-8), C5a, fMLP, leukotriene B4 and H2O2 (Yoo et al., 2011) in a process called chemotaxis. Inflammation is a complex set of interactions among soluble factors and cells that can arise in any tissue in response to traumatic, infectious, post-ischaemic, toxic or autoimmune injury. The process normally leads to recovery from infection and to healing. However, if targeted destruction and assisted repair are not properly phased, inflammation can lead to persistent tissue damage by leukocytes, lymphocytes or collagen (Nathan, 2002). The inflammatory response is an integral part of the innate immune mechanism that is triggered in response to a real or perceived threat to tissue homeostasis, with a primary aim of neutralizing infectious agents and initiating repair to damaged tissue. Resolution of inflammation involves apoptosis and subsequent clearance of activated inflammatory cellsa tightly regulated event (Maskrey et al., 2011) . During spontaneous resolution, neutrophils undergo apoptosis, a highly regulated cell death mechanism that prevents the release of histotoxic cellular contents (Savill, 1989 ). The first step in the elimination of apoptotic neutrophils is their identification by macrophages. Macrophages play important roles in the clearance of dying and dead cells, they are viewed as the professional phagocytes of apoptotic cells (Gregory, Devitt, 2004). Translocation of molecules from intracellular to extracellular sites is a proven mechanism whereby cells that have engaged their apoptosis programme can become rapidly visible to phagocytes. Exposure of phosphatidylserine on the apoptotic cell (Fadok et al., 2001 ) and, at least in certain circumstances, its subsequent oxidation (Kagan et al., 2002) appears to be a necessary prerequisite for clearance. Macrophages then have specific receptors with the ability to recognise apoptotic neutrophils (Savill et al., 1993) . CD14 has been implicated in the clearance of apoptotic cells by macrophages. During the study of CD14's role in an inflammatory response within the heifer mammary gland, active participation of CD14 during resolution was considered. The role of the membrane receptor CD14 has previously been studied in mastitis induced in heifer mammary glands by LPS, Staphylococcus aureus and Streptococcus uberis. Paape et al. (1996) and Sládek et al., (2002) had found that the inflammatory response of the mammary gland to LPS was associated with an expression of CD14 receptors by neutrophils and macrophages, whereas expression of CD14 receptors greatly depends on the stage of the inflammatory response within the mammary gland. It has also been found that expression of CD14 on neutrophils correlates highly with the presence of apoptotic neutrophils (Sládek, Ryšánek, 2006) . The results of previous studies have shown that expression of CD14 and CD44 is associated with the stage of inflammatory response. The question then arises as to whether bacterial components which induce the response also affect expression. The purpose of the present study, therefore, was to investigate whether the cell wall components of Gram-positive and Gram-negative bacteria directly influence CD14 and CD44 expression on neutrophils.
MATERIAL AND METHODS

Experimental animals and design
The experiment was performed on three clinically normal heifers of Holstein-Czech Spotted cross, aged 15-18 months. These were housed in an accredited experimental animal facility and fed a standard diet consisting of hay and feed supplements. A bacteriological examination of the mammary glands of the experimental animals was performed before the beginning of each experiment. Only animals with negative bacteriological test results were used in the experiments. Phosphate buffered saline (PBS, Sigma, Saint Louis, Mo., USA; 0.01 M, pH 7.4) was used to induce the inflammatory response in the mammary glands. The mammary glands were flushed with PBS, and cell suspensions were prepared for assessing total leukocyte counts and analysing the lifespan of neutrophils by light microscopy. The flow cytometry method (FCM) was used for detecting apoptotic neutrophils and analysing of neutrophil cell surface expression of CD14 and CD44.
Induction of inflammatory response
Approximately 20 ml of PBS per mammary gland was used to induce inflammatory response. Mammary gland lavage was performed on the day of experiment. Induction of inflammatory response and lavage of mammary glands were performed by means of modified urethral catheters (AC5306CH06, Porges S. A., France) after disinfection with 70% ethanol.
Processing of cell suspensions
The lavage fluids obtained were evaluated by observation immediately after collection and samples were then taken for bacteriological examination and to assess total cell count and cell viability. Bacteriological examination was performed through culture on blood agar with 5% washed ram erythrocytes and aerobic culture at 37 o C for 24 hours. Only the results of lavage samples that were negative in bacteriological culture were used in statistical processing. The total number of cells was enumerated using a haemocytometer. The viability of cells from heifer mammary glands was assessed using the trypan blue exclusion method. The viability of cells was always higher than 97%. The cell suspensions were then centrifuged for 10 min. at 200 g and 4 o C. The cell pellet was resuspended in 1 ml of supernatant. The cells were adjusted to 2 x 10 6 /ml in RPMI 1640 medium (Sigma, St. Louis, MO, USA).
Culture of neutrophils with MDP and LPS in vitro
Solutions of MDP were prepared in RPMI 1640 supplemented with BSA at concentrations of 2.0 µg/ml, 20.0 µg/ml and 200.0 µg/ml. Similarly solutions of LPS were prepared in RPMI 1640 supplemented with BSA at concentrations of 0.2 µg/ml, 2.0 µg/ml and 20.0 µg/ml. The wells of Corning plates were filled with cells suspended in medium containing appropriate concentrations of MDP and LPS. The cells were cultured in the Corning plates for 30, 60, 120 and 300 min. at 38 o C in 5% CO 2 . A different Corning plate was filled for each term. After removal from the incubator, the cultures were centrifuged (10 min., 200 g), resuspended in 1,100 µl RPMI 1640, and staining and analysis by FCM were undertaken. 
Detection of apoptosis
Detection of surface receptors
Mouse anti-ovine CD14 VPM65 (Serotec, Oxford, UK) diluted 1:20 and fluorescein isothiocyanate-labeled goat anti-mouse IgG1-R-PE (SouthernBiotech, Birmingham, Alabama, USA) diluted 1:500 were used as the primary and secondary antibodies, respectively. Negative control samples were stained with the secondary antibody only. Mouse anti-ovine antibody CD44 BAG40A (VMRD Inc. Pullman, Washington, USA) diluted 1:50 and FITC labeled IgG3 (SouthernBiotech, Birmingham, USA) diluted 1:100 diluted 1:100 were used as the primary and secondary antibodies, respectively. For analysis, the FACSCalibur flow cytometer and CELLQuest software (Becton Dickinson, Mountain View, California, USA) were used. The dot plots obtained were subsequently evaluated using WinMDI 2.8 software (Trotter, 2000) . A 20,000 PMN/dot plot was always analysed.
Statistics
The data obtained were statistically processed using the Statistica 7.1 CZ program (StatSoft CZ, Czech Republic). The differences in percentages of apoptotic, CD14+ and CD44+ neutrophils were statistically evaluated using the ANOVA test for analysis of variance. 
RESULTS
Effect
DISCUSSION AND CONCLUSION
The purpose of the present study was to investigate the effects of MDP and LPS on CD14 and CD44 expression and lifespan by neutrophils. This study was performed under defined in vitro conditions, as it would not have been possible to detect the influence of the mammary gland tissue micro-environment on the biological characteristics of cells, or to eliminate its effect, had the experiments been performed under in situ conditions. In order to conduct this experiment, it was necessary to obtain mammary gland neutrophils using of an inert agent, PBS. As the number of pathogens increases after colonisation, resulting in elevated production of toxins, the cell suspensions were incubated with three different concentrations of MDP and LPS so as to best mimic a natural infection of the mammary gland.
During incubation of the cell suspensions, the percentage of apoptotic neutrophils increased due to ageing (Sládek, Ryšánek, 2000) . Their culture with MDP and LPS was characterised by a slower increase in apoptotic neutrophil percentages compared to PBS. As natural ageing and mortality occur during incubation of cells that have not been treated with a biological component, we found higher percentages of apoptotic neutrophils in PBS. This is in accordance with the results published by Colotta et al. (1992), Yamamoto et al. (1993), Haslett et al.  (1995), Watson et al. (1997), Liu et al. (2005) and Ryšánek et al. (2005) , who all documented inhibition of apoptosis by the aforementioned bacterial cell wall components. Whilst LPS causes a delay in apoptosis, opsonized or nonopsonized Escherichia coli bacteria induce apoptosis (Watson et al., 1996; Colamussi et  al., 1999) . The effect of bacterial components on the delay in apoptosis, however, documented by significant differences in the percentages of apoptotic neutrophils between cell suspensions incubated with PBS and LPS, was detected in the present study only after a longer period of incubation (300 minutes et al. (1989) observed lower percentages of apoptotic neutrophils from blood and neutrophils from articular inflammatory exudates. The differences in percentage of apoptotic neutrophils from peripheral blood and tissue during culture result from neutrophils rapidly losing their energy reserves after leaving the bloodstream (Naidu, Newbould, 1973), this being one reason for their decreased lifespan. Evaluation of sources of variability indicated that time period played the most important role in increasing percentages of apoptotic neutrophils during incubation, with the bacterial component as the second most important factor. Concentrations of MDP and LPS did not appear to be sources of variability, as all three concentrations had the same effect on change in the percentage of apoptotic neutrophils. It is noteworthy that in all cases higher percentages of apoptotic neutrophils were detected by FCM after Annexin V/PI staining than by SYTO 13 staining. This can be explained by the fact that Annexin V/PI stains neutrophils demonstrating early apoptotic changes, whilst SYTO 13 stains late apoptotic neutrophils (Martin et al., 1994; 1995; Zhang et al., 1997; Zhang, Xu, 2000) .
The percentage of neutrophils with expressed CD14 receptors did not change markedly during culture in the medium with the lowest concentrations of MDP and LPS. The slight increase in percentage was not significant. Differences between the control cells and cells exposed to the bacterial cell wall components were not significant over all time periods. The course of CD14 receptor expression by neutrophils was comparable during culture with the intermediate concentration of bacterial cell wall constituents in the medium. No significant differences in percentages of CD14+ neutrophils were observed between the control and neutrophils exposed to this concentration of MDP and LPS at different time periods. These concentrations of Grampositive and Gram-negative bacteria cell wall components did not modify the expression of CD14 receptors on neutrophils during incubation. Different percentages of CD14+ neutrophils were detected during the culture of cell suspensions with the highest concentration of bacterial components. After a 30 minutes incubation of cells with MDP, the percentage of CD14 neutrophils was markedly higher compared to the non-treated suspensions, as well as to the percentage of CD14+ neutrophils exposed to LPS. This finding is surprising, as, in previous studies, LPS has been reported as having a high potential to modify some fundamental biological characteristics of neutrophils (Colotta et al., 1992;  Yamamoto et al., 1993; Watson et al., 1997; Sladek et al., 2002) . et al. (2002) . Cells cultured in the medium with the highest concentrations of MDP and LPS resulted in a significant increase in the number of CD44+ neutrophils. In MDP, this occurred after only 30 minutes of incubation. It follows from the present study that high concentrations of MDP (such as were used in this study) modify CD44 expression much more intensively than does LPS. This is somewhat surprising, as it is known that the sensitivity of neutrophils to MDP, and potentially to peptidoglycan, is much lower than it is to LPS (with sensitivity approximately just 1/1000 of that to LPS) (Gupta et al., 1996; Dziarski et al.,  1998) . When compared with control, cells exposed to LPS expressed CD44 at a significantly greater level for a period of 60 minutes. No changes in CD44 expression occurred in this case as well as in the aforementioned cases. In the following time periods, decreasing expression of CD44 was observed. The activated cells are probably responding to LPS more slowly, resulting in a delay in attaining peak CD44+ neutrophil levels in comparison with MDP exposure. We have not found any mention of this fact, however, in the available literature. Due to the very similar effect of MDP and LPS on CD14 expression, comparable effects of these components on CD44 can also be expected. A further focus of interest in the present study was the percentage of apoptotic CD14+ and CD44+ neutrophils during in vitro culture. Provided CD14 and CD44 play a role in the "eat me" signals for recognition of apoptotic neutrophils by macrophages, positive correlations should exist between their percentages. This association was not confirmed, however, in the present in vitro study. This conclusion may not be so surprising, however, as neutrophils present in the duct system of the mammary gland are affected by a series of factors in addition to LPS and MDP (Paape et al., 2003) .
